Eight single-strain lactic streptococci, three commercial cheese starters, and six lactic acid bacteria isolated from yoghurt were examined for their susceptibility to penicillin, cloxacillin, tetracycline-hydrochloride and streptomycin. The ranges of the antibiotics causing 50% inhibition of the bacteria were (,ug/ml): penicillin, 0.009 to 0.20; cloxacillin, 0.24 to 2.50; tetracycline, 0.09 to 0.60; and streptomycin, 0.35 to 13.0. The average concentrations required to cause 50 and 100% inhibition of the cheese starters were (jig/ml): penicillin, 0.12 and 0.26; cloxacillin, 1.91 and 3.9; tetracycline-hydrochloride, 0.13 and 0.36; and streptomycin, 0.59 and 2.06. All the cocci were about equally susceptible to tetracycline, and all organisms were more resistant to cloxacillin than penicillin. The yoghurt isolates were more resistant to streptomycin and more susceptible to penicillin than the cheese starters. The 2,3,5-triphenyltetrazolium chloride test, using Streptococcus thermophilus BC as assay organism, does not detect low levels of streptomycin in milk. However, it is useful in detecting cloxacillin residues.
Residues in milk, resulting from the use of antibiotics in mastitis therapy, may be an important cause of slowness in the development of lactic acid during cheese and yoghurt manufacture. Because of this effect, penicillin residues in milk have been implicated as causal agents of pasty body and low acidity in cheese by Whitehead and Lane (15) .
Information on the susceptibilities of various cheese and yoghurt starters to penicillin is abundant in the literature. Marth and Ellickson (7) have compiled information concerning the levels of various antibiotics which cause partial or complete inhibition of different lactic acid bacteria. For certain antibiotics, notably streptomycin, little detailed information was available. Since then, Feagan (3) has reported the levels of chlortetracycline, oxytetracycline, and streptomycin required to cause a 30% reduction in acid production of various cheese starters. Contrasting results for the susceptibility of yoghurt cultures to streptomycin have been reported by Holec and Klimeg (5) and Nikolov (10) . According to 0. H. Langley (personal communication), the semisynthetic penicillin, cloxacillin, is increasingly used in Ireland in mastitis therapy, but to our knowledge no report of the susceptibility of cheese or yoghurt starters to cloxacillin is available.
The present report therefore examines the susceptibility of several cheese and yoghurt starters to antibiotics which are commonly used in mastitis therapy. Additionally, it points out certain anomalies associated with the detection of streptomycin.
MATERIALS AND METHODS
Cultures. In addition to three commercial cheese cultures, the following pure cultures were used: Streptococcus lactis C2, C6, C10, and MiW1; S. cremoris AC7, AC11, C3, and KH; S. thermophilus BC, Y1, and Y3; Lactobacillus bulgaricus NYL2 and Y4; and L. lactis BYLL.
Strain Semilogarithmic dosage response curves were constructed relating log of the antibiotic concentration to per cent developed lactic acid. The concentration of antibiotic required to give 50% inhibition was estimated by halving the titration value obtained in the absence of antibiotic and determining the concentration of antibiotic equivalent to it from the graph.
RESULTS
The purpose of the assay method was to determine the concentration of the antibiotic being tested which inhibited acid production in lactic acid bacteria to a specified (50 or 100%) degree. Since the amount of lactic acid produced by a culture depends on the incubation time, the sensitivity of one culture (S. cremoris C3) to different levels of penicillin was measured in samples at various times of incubation ( Fig. 1 ). In the presence of levels of penicillin above 0.09 jug/ml, a certain amount of growth occurred early in the incubation period, before virtual inhibition was apparent. Low concentrations of penicillin decreased the rate of growth slightly, but their primary effect was to decrease the total amount of lactic acid produced.
To determine the exact concentration of antibiotic causing a specified degree of inhibition, the data of incubation. From Fig. 2 , the concentration of penicillin causing 50% inhibition of developed lactic acid was determined for each of the incubation times. As is apparent in Fig. 3 and 4, respectively. Strain BC was much more sensitive to penicillin and cloxacillin than strain KH, which was more sensitive to streptomycin. Both organisms appeared to have the same sensitivity to tetracycline.
The level of the four antibiotics which caused 50 and 100% inhibition of all the lactic acid bacteria tested is shown in Table 2 . All the values for the 50% level of inhibition fell on the linear portion of the relevant dosageresponse curves. In general, the levels causing 100% inhibition were more than twice those causing 50% inhibition. The single-strain lactic streptococci and the commercial cheese starters showed little variation in the concentration of each antibiotic causing 50% inhibition. Comparing the antibiotics on a weight basis, these strains were most sensitive to penicillin and tetracycline, less sensitive to streptomycin, and least sensitive to cloxacillin, requiring approximately 17 times less penicillin than cloxacillin to cause the same level of inhibition. In general, the same order of sensitivity was obtained for the yoghurt bacteria, except that these strains were much more sensitive to cloxacillin than streptomycin.
The thermophilic streptococci were about 10 times more sensitive to penicillin than the lactic streptococci and commercial cultures. The former were also the most resistant to streptomycin, of the organisms tested, being 5 times more resistant than the lactobacilli and 20 times more resistant than the lactic streptococci and commercial cultures. All organisms tested were more sensitive to penicillin than cloxacillin. 
DISCUSSION
The method used for determining the quantity of antibiotic required to cause a specified degree of inhibition depended on the acid produced in the absence of antibiotic. Since low levels of penicillin had no measurable effect on acid production over short incubation periods and had an increasingly inhibitory effect over long incubation periods (Fig. 1) , it is not surprising that the value obtained for the concentration of penicillin causing 50% inhibition depended on the extent of bacterial growth (Table 1 ).
An interesting result was that all lactic acid bacteria tested were inhibited to the same extent by tetracycline. The lactic streptococci and commercial cultures were equally sensitive to penicillin and more resistant to streptomycin. Reasons for these findings must remain the subject of speculation but presumably are connected with the mechanism of action of the relevant antibiotic. Streptomycin has been reported (6) to interfere with protein synthesis by binding to the 30S ribosomal subunit thus causing faulty translation of messenger ribonucleic acid (RNA). Perhaps streptomycin is less tightly bound to the ribosomes of thermophilic streptococci than to those of the lactic streptococci. It is also possible that the lactic streptococci may be more permeable to streptomycin than the thermophilic streptococci. Anaerobiosis has been reported by Davis et al. (2) to decrease the potency of streptomycin so that an adequate explanation may be that the thermophilic streptococci produce more anaerobic conditions in milk than the lactic streptococci and thus are less affected by streptomycin. It is interesting, therefore, to note that Vakil and Shahani (12) found that reactions of aerobic metabolism (lactose dehydrogenase) were much more affected by several antibiotics (including streptomycin) than those of anaerobic metabolism (f3-galactosidase) in S. lactis UN so that the sensitivity of a culture to a particular antibiotic may depend on the relative importance of one type of metabolism over the other.
Davis et al. (2) also report that tetracycline interferes with the binding of charged transfer RNA to the ribosomes. This step in protein synthesis may be equally sensitive to tetracycline in all lactic acid bacteria, thus accounting for the present results. Such a possibility implies that lactic acid bacteria are equally permeable to tetracycline. Vakil and Shahani (13) found that the activities of the later enzymes of glycolysis were much more susceptible to inhibition by the tetracyclines (10) than the earlier ones. Adenosine triphosphate production is therefore affected, and, if the adenosine triphosphate-producing enzymes of the different lactic acid bacteria are equally sensitive to inhibition by tetracyclines, similar susceptibility levels would be found as in the present study.
Three of the cheese cultures used in the present study were also tested by Feagan (3) , who used a reduction in acid production of 30% as a measure of inhibition. His results are in agreement with the present results with one exception. He reports that 0.5 ug of VOL. 23, 1972 963 APPL. MICROBIOL. streptomycin/ml causes a 30% reduction in acid production in strain C10, whereas in the present study this value was 0.22 ug/ml. The difference, while small, reflects a different methodology since his calculations are based on results obtained after a particular incubation time which was shown to affect the results in the present study.
Most of the cheese cultures studied by Feagan (3) were inhibited to the same extent by oxytetracycline and chlortetracycline in the range 0.05 to 0.10 pg/ml. All the cheese cultures of the present study, with the exception of strain C2, showed a 30% reduction in acid production in the presence of 0.05 to 0.10 fg of tetracycline/ml, bearing out the point that there is generally little difference in the sensitivity of a particular organism to the different tetracycline congeners (14) . Sixteen of 32 cultures studied by Richards and Kennedy (11) were also sensitive to 0.1 ug of chlortetra.-cycline/ml. The main reason for using tetracycline in the present study was that it is more stable than chlortetracyline or oxytetracycline (2). In this connection, Martin and Harper (8) have shown that addition of either of the latter two antibiotics to milk resulted in an immediate loss of activity, which was only slightly affected by subsequent cold storage. Thus, absolute values for the sensitivity of an organism to antibiotics are probably relevant only to the particular test medium.
The present results for the yoghurt cultures are also in fair agreement with those of Nikolov (10), who found that streptomycin levels of 5 to 7 pg/ml reduced the biochemical activity of yoghurt cultures, but contrast with those of Holec and Klimes (5), who found that 0.38 ug/ml caused a decrease in acidity of 5°S H (0.11% lactic acid), a value which was, except for strain NYL2, without effect on the yoghurt isolates. In the case of strain NYL2, a decrease of 10% in acid production was caused by this level of streptomycin. These differences may be explained by interstrain variation, although in the present study interspecies variation was much greater than interstrain variation. As these authors studied the mixed yoghurt cultures, another possibility is that the nutritional factor(s) involved in the yoghurt symbiosis may affect the sensitivity of the individual cultures to antibiotics. This is unlikely since Cogan and Fox (1) found little effect of a growth stimulant (yeast extract) on the sensitivity of S. thermophilus BC to penicillin.
It has been suggested by Feagan (3) that milk for cheese making should not contain more than 0.1 IU of penicillin/ml (0.06 ug/ml). This concentration significantly affected the acid production of several lactic streptococci in the present study.
The 2,3, 5-triphenyltetrazolium chloride (TTC) reduction test (9) using S. thermophilium BC as the assay organism is a method commonly used in detecting residual antibiotics in milk. Since this organism is much more resistant than cheese starter to streptomycin, a false sense of well being could easily obtain in deciding, as a result of the TTC test, that milk is free of antibiotic residues. This organism is five times more susceptible to cloxacillin than are cheese starters so that the TTC method is useful in detecting cloxacillin residues in milk for cheese making.
In the manufacture of yoghurt, streptomycin residues in the milk should be less of a problem since yoghurt starters are fairly resistant. However, at high levels of this antibiotic the balance between cocci and rods could be upset, since they are not equally sensitive, resulting in a poor quality product. Because of the sensitivity of yoghurt cultures to cloxacillin, and especially penicillin, milk for yoghurt manufacture should be monitored for these residues with great care.
